treatment elicited significant decrease in DTH induced by 2, p < 0.05),. Conclusion: These results suggest that PA has significant immunomodulatory properties which probably act by activating mononuclear phagocytic system, augmenting humoral immune response while suppressing cellular immune response.
INTRODUCTION
The immune system is involved in the etiology as well as pathophysiologic mechanisms of various diseases, and its role has become increasingly important in understanding mechanisms involved in disease prevention and treatment [1] . The immune system has connections with a number of organs and can directly or indirectly influence the actions of many other organs, including the brain [2] . Hence modulation of immune response to alleviate disease has been of interest for a long time [3] . Immunomodulation, either by stimulation or suppression, can aid in maintaining disease-free state [4] . In recent decades, modulation of immune response using medicinal plant products, as a possible therapeutic measure, has become a subject of active scientific investigations [5] .
To date, some medicinal plants have been demonstrated to exert anti-inflammatory, antistress and anti-cancer effects by modulating immune functions [6] . Pogostemon cablin is the dried aerial part of Pogostemon cablin (Blanco) Benth. (Lamiaceae). It is one of the extensively applied herbal medicines that have time-honored application history in Traditional Chinese Medicine (TCM) and Ayurveda. In China, Pogostemon cablin has been used for centuries in decoctions with other drugs for treating cold, diarrhoea, dermatitis, headache, fever and stimulating appetite. Patchouli oil, the essential oil of P. cablin, also showed medicinal properties which include immunomodulatory, and antiallergic activities [7, 8] . Patchouli alcohol (PA), the tricyclic sesquiterpene (CAS Registry Number 5986-55-0), is a major active ingredient of P. cablin and typically represents 30 % to 40 % of the total mass of dozens of compounds in patchouli oil [9] . Therefore, the PA content has been widely used as an indicator for the quality assessment of P. cablin and patchouli oil. PA has an oral LD 50 value of 4693 mg/kg in mice [10] . It has some interesting pharmacological activities, such as anti-emetic, and anti-influenza virus potency [11, 12] . Recent work has also demonstrated the effectiveness of PA as an antiinflammatory agent in vivo and in vitro [10, 13] .
In spite of the reputed effectiveness of P. cablin in various disorders, there has not been any reporting of immunomodulatory activity ascribed to its components so far. However, it is not clear whether its use in treating these diseases is due to its direct healing effect per se or due to some immunomodulation induced by its phytochemical constituents. In view of the fact that PA represents an essential active ingredient of P. cablin and patchouli oil, it is possible that its immunomodulatory capacity might constitute an important component of their varied therapeutic effects. The present study was therefore undertaken to evaluate PA for its possible immunomodulatory potential, with respect to macrophage phagocytosis, serum immunoglobulin level, immune organ index, as well as delayed-type hypersensitivity (DTH) induced by 2, 4-dinitro-chlorobenzene (DNCB) in mice.
EXPERIMENTAL

Plant material
The aerial parts of Pogostemon cablin (Blanco) Benth. were purchased from Guangzhou Zhixing Pharmaceutical Co., Ltd. The botanical origins of the materials were further authenticated morphologically by Prof. Lai Xiaoping at School of Chinese Materia Medica, Guangzhou University of Chinese Medicine. The documenting voucher specimen (no.080528) was deposited in the herbarium of School of Chinese Materia Medica, Guangzhou University of Chinese Medicine.
Isolation and purification
PA was isolated as previously described [13] . Briefly, Pogostemon cablin (18 kg) was refluxed with 95% v/v ethanol/aqueous (40 L × 2, 60 min each time). The extract was evaporated under vacuum to obtain a residue (381 g). The residue was dissolved in acetone and subjected to column chromatography over silica gel, eluted with petroleum ether-ethyl acetate-0.1% formic acid (20:1:0.1, 9:1:0.1, 8:3:0.1 and 7:4:0.1) gradient elution system in increasing polarity to give series of fractions. Thin layer chromatography was permitted to distinguish the resulting fractions and the fraction eluted with petroleum ether-ethyl acetate-0.1% formic acid (9:1:0.1) was combined and further evaporated to dryness to yield yellowish oily liquid. After crystallization from n-hexane, white crystals of PA (1.7925 g, yield 0.011%) were finally obtained. The purity was assessed by analytical GC and the confirmation of chemical structure was performed by FTIR, MS and NMR spectroscopy.
Purity determination
Gas chromatographic analysis was performed on a model GC (Varian 3900, USA) equipped with a split/splitless capillary (1:20) injector and a flame ionization detector. Analytical separation was achieved on a 007-225 capillary column (30 m × 0.25 mm × 0.25 μm, Phenomenex, USA). Nitrogen was used as carrier gas (with a constant flow rate of 1 ml/min). The air, hydrogen and auxiliary gas (N 2 ) pressures for detector were kept 350, 30 and 30 ml/min, respectively. Temperature setting was as follows: injector, 280 °C; detector, 280 °C. The oven temperature was held at 110 °C for 7 min, and programmed to 168 °C at 100 °C per min, held for 7 min, and programmed to 190 °C at 40 °C per min, held for 2 min, and programmed to 240 °C at 60 °C per min, held for 2 min. 72 mg of PA was dissolved in 10 ml of n-hexane, and the injection volume was 1 μL. [14] . During the experimental period, the mice were fed with standard rat chow and water ad libitum.
Experimental animals
Macrophage phagocytosis assay
For assay of phagocytic activity in vivo a colloidal carbon clearance test was performed following the method of Hudson et al, with some modifications [15] . Mice of either sex were divided into six groups of 10 each, i.e., control group, prednisone acetate group (PR group), PAtreated groups (20, 40 and 80 mg/kg) and levamisole hydrochloride group (LE-treated group). They were pretreated with prednisone acetate (PR, 20 mg/kg, p.o.) daily for 4 consecutive days prior to drug treatment except for the control group. PA-treated groups were administered PA at doses of 20, 40 and 80 mg/kg, respectively, and LE-treated group was administered levamisole hydrochloride at a dose of 50 mg/kg. PA-treated groups and LE-treated group were administered the respective doses via oral gavage once daily for 7 consecutive days from the 5 th day. Control group and PR group were given equivalent volume of olive oil throughout the experimental period. On the 11 th day, all animals were injected colloidal carbon ink intravenously (1 ml/100 g) 1 h after the last administration. 2 min (t 1 ) and 10 min (t 2 ) after injection of carbon suspension, 20 μL aliquots of blood samples were obtained from the retroorbital venous plexus of individual mice with a heparinized microhematocrit glass capillary, and immediately lysed with 3 ml 0.1% Na 2 CO 3 . The absorbances were measured spectrophotometrically at 680 nm. The rate of carbon clearance, termed as phagocytic index (K), was determined following the formula: K= (InOD 1 -InOD 2 )/(t 2 -t 1 ), where OD 1 and OD 2 are the optical densities at time t 1 and t 2 respectively.
Humoral Immune Responses
Humoral immune response assay was carried out according to the method of Duan et al, with some modifications [16] . Fresh blood was collected from white leghorn hens in sterile Alsever's solution (sodium citrate 0.8 g/ml, citric acid 0.05 g/ml, glucose 1.87 g/ml, sodium chloride 0.42 g/ml, freshly prepared). Chicken red blood cells (CRBC) were washed three times in pyrogen-free, sterile saline and centrifuged at 3000 rpm for 10 min. The supernatant was removed and the sediment was re-suspended in normal saline to a concentration of 5% by improved Neubaur chamber for immunization and challenge.
Mice of either sex were divided into six groups of 10 each, i.e. control group, prednisone acetate group (PR group), PA-treated groups (20, 40 and 80 mg/kg) and levamisole hydrochloride group (LE-treated group). They were pretreated with prednisone acetate (PR, 20 mg/kg, p.o.) daily for 4 consecutive days prior to drug treatment except for the control group. PA-treated groups were administered PA at the doses of 20, 40 and 80 mg/kg, respectively, and LE-treated group was administered levamisole hydrochloride at the dose of 50 mg/kg. PA-treated groups and LEtreated group were administered the respective doses via oral gavage once daily for 7 consecutive days from the 5 th day. Control group and PR group were given equivalent volume of olive oil throughout the experimental period. On the 9 th day, 1 h after administration, except the control group, mice were immunized with suspensions of CRBC, by intraperitoneal injection at a dose of 20 ml/kg body weight. On the 11 th day, 1 h after the final oral administration, all mice blood samples were collected from the retro-orbital venous plexus with heparinized microhematocrit glass capillary. After standing at room temperature for 30 min, samples were centrifuged at 3000 rpm for 10 min for serum preparation. For IgM assay, 10 μL aliquots of above mentioned serum were diluted by normal saline to a final volume of 4 ml. Afterwards, 0.5 ml of 5% CRBC, 0.5 ml 10% guinea pig plasma and 0.5 ml normal saline were added to 4 ml diluted sera in sequence. For IgG assay, 10 μL aliquots of serum was co-incubated with 10 μL β-mercaptoethanol at 37 °C for 0.5 h to block IgM, and thereafter diluted by normal saline to a final volume of 4 ml. 0.5 ml of 5% CRBC, 0.5 ml 4% sheep anti-mouse (SAM) IgG and 0.5 ml 10% guinea pig plasma were added to 4 ml diluted sera in order. For control group, the complement was substituted with normal saline. The mixed samples for IgM assay and IgG assay were incubated for 30 min at 37 °C, and then immersed in an ice-water bath to terminate the reaction. Each sample was centrifuged at 3000 rpm for 10 min, and the absorbances of supernatant were measured by spectrophometry at 540 nm to represent the serum level of IgM and IgG. After blood sample collection, all the mice were sacrificed by cervical vertebrae dislocation and the immune organs including spleen and thymus gland were harvested and, weighed for calculation of immune organ indexes.
DNCB-induced DTH
Measurement of DNCB-induced DTH was carried out following the method of Ma et al, with slight modifications [17] . 60 Kunming mice of either sex were randomly assigned to five groups of 12 each. On the first day, mice were initially sensitized by applying 10 μL of 5% DNCB in mixed acetone-olive oil (4:1, v/v) to the shaved abdomen skin and, the challenge was repeated through the same route the next day. After second sensitization, PA (20, 40 and 80 mg/kg/d, p.o.) and the reference drug prednisone acetate (PR, 40 mg/kg/d, p.o.) were administered respectively for 7 successive days from the third day, while DNCB-induced group was given equivalent volume of olive oil during this period. On the 9 th day, all mice were subjected to contact hypersensitivity with 10 μL of 1 % DNCB on both surfaces of left ear of mice, 40 min after the last dose. While the right ear was treated with olive oil alone. Twenty fours after the final DNCB application, all mice were sacrificed by cervical dislocation, and biopsy specimens of both ears were removed by a specific 8-mm punch. Ear swelling was evaluated by measuring the weight difference between the right and left ears, as an indicator of immunogen-elicited DTH.
Statistical analysis
The experiment was based on a completely randomized design. Data are presented as mean ± SD for the indicated number of independently performed experiments. Statistical significances within a parameter were evaluated by one-way and multiple analysis of variation (ANOVA), where significant differences (as shown in the plots) indicated as */ # for p < 0.05, and more significant **/ ## for p < 0.01. [18] [19] [20] [21] [22] [23] . The purity of PA was 99.3% as indicated by GC analysis (Figure 1 ). 
RESULTS
Extraction and purification of PA
Effect of PA on humoral immune responses
The results are shown in Figures 3A-3B . Administration of PA at three dosages dosedependently boosted the production of circulating serum IgM (0.077 ± 0.009, 0.080 ± 0.012 and 0.081 ± 0.010) and IgG (1.252 ± 0.112, 1.247 ± 0.093 and 1.296 ± 0.120) respectively, in response to CRBC in PR-induced mice. While IgM and IgG in PR group was 0.069 ± 0.011 (p < 0.01) and 1.180 ± 0.070 (p < 0.01), respectively. PA at dose of 80 mg/kg/d was found to achieve the optimum effect in humoral immunity, resulting in obvious recovery in serum IgG and IgM levels (p < 0.05). LE group achieved a more significant increment in IgM (0.086 ± 0.012, p < 0.01) and IgG (1.322 ± 0.1054, p < 0.05) levels. The effects on mice immune organs (weight divided by body weight) of PA treatment are represented in Figures 4A-4B . Figure 4A displayed that PA administration evoked significant increase (p < 0.05) in thymus of mice (0.35 ± 0.10, 0.35 ± 0.12 and 0.37 ± 0.11, respectively) in parallel to PR group (0.28 ± 0.10). Similarly, treatment with PA resulted in increase in spleen (0.53 ± 0.13; 0.54 ± 0.14; 0.58 ± 0.11, respectively) with respect to PR group (0.46 ± 0.15) in a dose-related fashion. However, this only became significant (p < 0.05) in highdose (80 mg/kg) group, as shown in Figure 4B . 
DNCB-induced DTH
The results of the effect of PA on cell-mediated immune response (CMI) through DTH are summarized in Figure 5 . Oral administration of PA at three tested doses displayed suppressive effect (0.75 ± 0.45 mg, 0.98 ± 0.61 mg and 1.03 ± 0.40 mg) in DNCB-induced DTH response in a dose-dependent manner, in comparison to DNCB-induced group (1.67 ±0.84 mg). Treatment with PA at 20 mg/kg/d elicited a significant decrease (p < 0.05), which was even superior to the positive control PR (0.83 ± 0.15 mg, p < 0.05).
DISCUSSION
Macrophages are the first line of defense and constitute important participants in the bidirectional interaction between innate and specific immunity. Macrophages are pivotal effector cells of the innate immune system and thus play an important role in the defense mechanism against host infection. Phagocytic defects are associated with varied pathological conditions in humans [24] . In view of the vital role performed by macrophages, PA was evaluated for its possible effect on macrophage phagocytic activity. For this, the phagocytic index was measured with colloidal carbon ink as the granular foreign body. In the present work, administration of PA caused a significant, doserelated potentiation of macrophage phagocytic activity. The results suggest that PA exhibits stimulatory effect on the cells of mononuclear phagocytic system. PA treatment stimulate the reticulo-endothelial system (RES), thus improving the effect of phagocytosis by mononuclear-macrophage and immune function in mice. Immune organs of animals are important sites where the immune cells develop, establish and proliferate, thus reflecting the general immune function. Immune organs consisted of central immune organs (thymus, etc) and peripheral immune organs (spleen, etc.). Thymus is devoted to thymocyte differentiation and maturation, and is therefore the primary source of circulating T lymphocytes [25] . The spleen makes disease-fighting components of the immune system (including antibodies and lymphocytes) [25] . Besides, spleen serves as a reservoir for blood and filters or purifies the blood and lymphatic fluid that flows through it. When the spleen is damaged or removed, the individual is more susceptible to infections [26] . The preliminary indicators of immune organs are commonly presented as the immune organ index. The significant increase in relative weight of thymus and spleen suggest that PA may be inhibitory to PR-induced atropy of these immune organs. IgG and IgM are the major immunoglobulins which involved in complement activation, opsonization, and neutralization of toxins [27] . The estimation of serum immunoglobulin level is a direct measure of humoral immunity and is an index of the functional status of developmental phases of the humoral immune response viz antigen recognition, activation, and expression [28] . In the present investigation, PA treatment elevated the circulating serum IgG and IgM levels in immune-suppressed mice, thus playing a positive role in augmenting the humoral immune.
DTH reaction, which directly correlates with the competence of CMI function, is an autoimmune response mediated by T cells and monocytes/macrophages. DTH reaction requires the specific recognition of a given antigen by activated T lymphocytes, which subsequently proliferate and release cytokines and lymphocytes. Exposure of PA produced a significant decrement in DTH reaction in mice, indicating the suppressive effect of PA on T lymphocytes and accessory cell types required for the expression of DTH reaction. These results suggest that PA administration produces less inflammatory response. A recent finding from our laboratory showed that PA was an important antiinflammatory constituent of P. cablin [10, 13] . PA treatment reversed the increased mRNA expression of TNF-α, IL-1β, inducible nitric oxide synthase (iNOS) and cyclooxygenase (COX)-2 caused by lipopolysaccharide in RAW 264.7 cells and in carrageenan-treated rats [10, 13] . The present observation demonstrated that PA, besides having a direct effect as an antiinflammatory agent, might also reduce inflammation indirectly through the inhibition of cell-mediated immune response.
The results in general demonstrate an improvement in innate immunity in mice administered PA, as evidenced by significant elevation in phagocytic capability, immune organ index, serum IgG and IgM levels, and reduced DTH. Herewith, findings from the present investigation confirms that PA has appreciable immunomodulatory property, which specifically acted by activating the function of the mononuclear phagocytic system, augmenting humoral immune response, and suppressing cellular immune response.
To the best of our knowledge, this is the first report on the in vivo immunomodulatory activity of PA, via different immune response assays in mice. Based on the outcomes from laboratory studies, combined with its traditional application, it is reasonable to hypothesize that PA may account at least in part, for the use of P. cablin in folk medicine to treat various immunological diseases.
CONCLUSION
The overall observations of the present work suggested PA held appreciable immunomodulatory property which acted by activating the function of the mononuclear phagocytic system, augmenting humoral immune response, while suppressing the cellular immune. The current study has thus provided baseline information on the potential use of PA as a promising immunomodulatory agent. 
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